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Table 1. Considerd species for SiHs,Hs discharges.

Input gas SiH,, He

Neutral, |Si, SiH, SiH,, SiHs, SigHs, SioHs, SisHi, SioHs,
radicals |SizHs, H, Hz

Charged e, Sill', SiH.', Sills", Sil;, SiH,", H', I,
species  |Hy"
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Table 2. Chemical reactions and rate constants for SiHs/H: discharge.

<Electron + Neutral>

Reaction A B C Lion
1 e+ SiH,—SiH, +H+2e 3.06e—02 -1.3 184820.0 12.03
2 e+ SiH,—SiH, +H, +2e 2.69e—02 ~1.2 179670.0 11.57
3 e+ SiH,—»SiH*+H, +H+2e 1.07e—03 -1.2 189440.0 13.73
4 e+SiH,—~H, +SiH-+H+2e 1.89e—22 -0.4 22610.0 25.0
5 e+ SiH,—~H "+ SiH, + H+2e 9.49e—23 -0.4 20793.0 24.5
6 e+SiH,—SiH; +H+e 8.96e—03 -1.0 123500.0 -
7 e+ SiH,—SiH, +2H +e 1.83e—03 -1.0 123500.0 -
8 e+ Sill,—Sill, +H 2.5e—13 0.0 0.0 -
9 e+ Si,H;—SiH, + SiH, + e 2.86e—10 0.0 0.0 —
10 e+ Si,H,—Si,H, + 1, +e 1.23e-10 0.0 0.0 -
11 e+ Si,H,—Si,H, + H, +2e 2.45e—11 0.0 0.0 10.8
12 e+ Si,H,—SiH, +Sill, 9.450—14 0.0 0.0 -
13 e+ Si,H,—SiH, +SiH, + e 2.86e—10 0.0 0.0 -
14 e+ SiH,—SiH, 4 2e 2.25e—12 0.9 94804.0 8.74
15 e+ SiH,—SiH, +H+2e 1.70e—11 0.6 133220.0 12.09
16 e+ SiH,—SiH, +2e 9.16e—12 0.8 98701.0 8.92
17 e+ SiH,—>SiH *+H+2e 4.39e—-11 0.6 146510.0 11.09
18 e+ SiH—SiH *+2e 5.25e—11 0.6 92419.0 7.89
19 e+H,—»2H+e 1.7¢—08 0.0 119940 -
20 e+H,—H, +2e 1.33e—13 1.1 197550.0 15.4
21 e+H->H +2e 7.33e—12 0.7 169360.0 13.6

<Electron + Ion>

Reaction A B C
22 e+SiH*—>Si+H 1.69e—-7 0.0 0.0
23 e+ SiH, —>SiH+H 1.82e—-5 -0.5 0.0
24 e+ SiH, —>SiH, +H 1.82e—5 -0.5 0.0
25 e+ M, >H+H 6.1e—6 -0.5 0.0
26 e+H"—H 1.89e—10 -0.7 0.0
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<Jon + Neutral & Ion + Ion>

Reaction A B C
56 H*+SiH,—SiH; +H, 5.00e—09 0.0 0.0
57 H, + SiH,—SiH, +H, +H 3.60e—09 0.0 0.0
58 SiH;-&- SiH4HSiH3++ SiH, 1.10e—09 0.0 0.0
59 SiH," +SiH,—Si,H, +H, 2.5e—10 0.0 0.0
60 SiH, +H,—SiH; +H 1.0e—10 0.0 0.0
61 H, 4 SiH,—SiH," +2H, 6.6e—11 0.0 0.0
62 SiHg + SiH;HSng +SiH, 5.0e—07 0.0 0.0
63 SiH, +SiH," —SiH, + SiH, 1.2e—07 0.0 0.0
64 SiH, + Si,H, —SiH, +2SiH, 1.0e—07 0.0 0.0
65 SiH; +H, —SiH, +H, 4.8e—07 0.0 0.0

<Neutral + Neutral>

Reaction A B Cc
27 H+SiH,—H, + SiH, 2.44e—16 1.9 1102.0
28 SiH, + SiH,—SiH, + SiH, 2.99e—11 0.0 0.0
29 SiH, + SiH,—Si,H, +H, 1.08e—09 0.0 0.0
30 SiH, + SiH—Si,H, +H, 2.41e—12 0.0 1006.0
31 SiH, + H—-SiH +H, 2.3le—11 0.0 0.0
32 SiH, +H—-SiH, +H, 2.49e—11 0.0 1258.0
33 H, + Si,—>SiH + SiH 2.56e—11 0.0 20128.0
34 H+ Si,—SiH + Si 8.55e—11 0.0 2667.0
35 Si+ SiH,—Si, +H, 2.49e—-10 0.0 0.0
36 Si+ SiH,—Si,H, +H, 2.49e—10 0.0 3669.0
37 H+H+H,—H, +H, 2.54e—31 -0.6 0.0
38 SiH,, + Si,H,—Si,H, + SiH, 5.0e—13 0.0 0.0
39 Si,Hg + SiH,—SiH, + Si,H, 1.0e—12 0.0 0.0
40 SiH, + SiH,—Si,H, 3.77e—13 0.0 0.0
41 SiH, + Si—Si,H, 4.53e—13 0.0 0.0
42 SiH, + SiH—Si,H, 7.22e—13 0.0 0.0
43 SiH, + H—-SiH +H, 7.96e—13 0.0 0.0
44 SiH, +H—SiH, 1.11e—12 0.0 0.0
45 SiH +H,—SiH, 1.98e—12 0.0 0.0
46 Si+H,—SiH, 6.59e—12 0.0 0.0
47 Si,H, +H,—-Si,H, 5.33e—13 0.0 0.0
48 Si,H, +H,—SiH, +SiH, 3.56e—9 0.0 0.0
49 Si,H, +H,—Si,H, 1.7¢e—12 0.0 0.0
50 Si,H, +H,—Si,H, 1l.4e—11 0.0 0.0
51 Si,H, + H-Si,H, 4.94e-11 0.0 0.0
52 H + Si,H,—Si,H, +H, 7.0e—12 0.0 0.0
53 H + Si,H;—SiH, + SiH, 3.5e—12 0.0 0.0
54 H,, + SilL,—SiH, 1l.4e—14 0.0 0.0
55 SiH, + SiH,—Si,H, 1.2e—11 0.0 0.0
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Figure 1. A schematic diagram of ICP source.
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A Global Simulation of SiH4/H, Discharge
in a Planar-type Inductively Coupled Plasma Source
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A global simulation of SiH4/H, discharge is conducted in a planar-type inductively coupled
plasma (ICP) discharge. We numerically solve a set of spatially averaged fluid equations
for electrons, positive ions, negative ions, neutrals, and radicals. Absorbed power by electrons
is determined by an analytic electron heating theory including the anomalous skin effect.
Also, we investigate functional dependence of various discharge quantities such as the
densities of various species and the temperature of electron on external controllable parameters

such as ratio between SiHs and H,, power and pressure.
Keywords : Inductive coupled plasma, Zero-dimensional simulation, Anomalous skin effect
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